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ることで，薬剤師入力時およ
び医師入力時に持参薬薬袋の
発行を可能とした（図1）。
当院の持参薬運用のフロー
チャートを図2に示す。なお，
薬袋発行システムは㈱ユヤマ
のYUNICOM－Exを使用した。
2．対象
　当院の消化器内科，老年神
経内科，整形外科，眼科，皮
膚科の5診療科3病棟を調査
対象とした。なお，調査対象
病棟は無作為に選択した。
3．調査方法
　調査期間は，薬袋発行前は
平成26年10月6～10日の5
日間，薬袋発行後は平成26
年11月10～14日の5日間と
し，対象診療科，調査期間に

A　薬剤師入力の薬袋

1日3目　嫌、蔓、タ｝賞後F

薬剤師入力分には医
師の指示確認欄あり

メリット
〆　病棟への到着が早い
〆　すべての持参薬について薬
　袋を発行
デメリット
〆　医師の指示を要確認

おける持参薬薬袋発行前後の看護師の業務時間（薬剤1
剤あたり，薬袋1枚あたりおよび患者1人あたりに要す
る時間）を比較した。なお，持参薬セットに関する業務
時間は医師の指示確認から持参薬薬袋作成，完成した持
参薬薬袋および指示のダブルチェックまでの時間を含む。
　また，持参薬薬袋関連のインシデントに関しても薬袋
発行前後での推移を調査した。インシデント調査期間は
持参薬薬袋発行前平成25年10月～平成26年9月の1年
間および持参薬薬袋発行後平成26年11月～平成27年3
月の5ヵ月間とした。なお，平成26年10月は一部病棟
で試用期間を設けたことから，調査対象外とした。
4．統計処理
　統計学的解析はMann－WhitneyのU検定を用い，有意
水準はp＜0．05とした。

B　医師入力の薬袋

　還竃
藻

　1噂癩麟藁　　ぱ舞入力
P
㌻

　　　　　　　・w、　望　　渓
　　　　　序い、，
’　bU“　9’　莞鞠輔那
のみぐす9

〈　　用　　法　　〉
1HI目　｛タ｝食後 14日

メリット
〆　医師の指示が反映される
デメリット
〆　休薬等の薬品（持参薬オーダー上削除
　　された薬品）は薬袋が発行されない
〆　医師の入力後発行のため，手術等ある
　　と到着が遅くなる

図1　持参薬薬袋の外観

薬袋発行前

畢

薬袋発行後

薬剤師による持参薬確認

薬斉1」師（Ph）による
　持参薬オーダー

畢

畢

薬剤師による持参薬オーター

撃

医師（Dr）による
持参薬オーダー
（継続・変更等含む）

畢

薬袋の発行（薬剤師入力）a）

墨

持参薬オーダー時に発行
された指示書を切り取り，

医師による持参薬オーダー
　（継続・変更等含む）

薬袋の発行（医師入力）a）

畢
・ 結　果・

1．業務時間への影響
　調査期間中の患者数，薬剤数，薬袋数はそれぞれ発行
前：39人，217剤，144枚，発行後：43人，304剤，
232枚であった。
　薬袋発行前後での持参薬セットに要する時間は薬剤1
剤あたり3．2分から1．6分へ，薬袋1枚あたりでは4．8分
から2．1分へ，患者1人あたりでは20．7分から10．2分へ
とそれぞれ有意に（p＜0．001）短縮した（図3）。なお，
調査期間前後における1人あたり持参薬剤数が薬袋発行
前は5．6剤／人，薬袋発行後は7」剤／人と差がみられたた

医師の指示を確認後，
発行された薬袋を使用

a）1発行された薬袋は薬剤師，医師入力ともに病棟へ送付

図2　薬袋発行前後における持参薬運用のフローチャート

め，1人あたり時間は当院の平成26年度年間平均薬剤
数である6．5剤／人を1剤あたり時間（3．2分および1．6分）
に乗じて算出した。
2．持参薬薬袋関連インシデント数
　持参薬薬袋発行前1年間の薬袋と関連性が否定できな
いインシデント数は14件であり，その内容を表に示す。
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Results
Table 2 shows the results of the classified pharmaceut-
ical interventions. We grouped the 1452 interventions
into the 13 categories described above. There were 640
instances of drug information, e.g., information given to
doctors, pharmacists, nurses, or other health profes-
sionals. We estimated the medical economic contribu-
tion from these pharmaceutical interventions to be
$876,017.
There were 12 instances of avoidance of serious ADRs,

for which the savings were $256,800 (Table 3). Chemo-
therapy accounted for seven cases and avoidance of
renal failure for two cases. There were 172 cases of
transvenous antimicrobial therapy interventions, primar-
ily involving Therapeutic Drug Monitoring: 121 of
vancomycin (VCM); 37 of teicoplanin (TEIC); six of
patients who switched to TEIC from VCM or vice versa;
one of linezolid (LZD) one of arbekacin (ABK); and six
of others. Total savings were $325,080. Regarding the
change from intravenous to oral administration, vorico-
nazole (VRCZ) featured twice and LZD four times. The
administration period of the oral antimicrobial was
55 days for VRCZ and 32 days for LZD.
Figure 1 shows the interventions for cancer chemo-

therapy. There were 48 interventions for supportive
therapy recommendations, 16 for checking prepared
drugs, 12 for dosing recommendations, and six other
interventions, with total savings of $91,840. The inter-
ventions mainly involved suggestions of appropriate an-
tiemetic drugs and avoidance of serious ADRs.
Table 4 presents the cases of avoidance of drug inter-

actions, which represented savings of $33,040. Three

interventions involved contraindications for coadminis-
tration, and 55 concerned a combination of issues. Most
drug interactions were related to absorption inhibition.
There were 50 cases of renal dosing recommendations:

for the main drugs famotidine, allopurinol, and levoflox-
acin, there were 12, 8, and six interventions, respectively,
with combined savings of $29,960. Pharmacists were
able to contribute to preventing renal function aggrava-
tion and various adverse effects, such as hypoglycemia,
by decreasing the dosage of oral antidiabetic medication
and changing to an agent other than loxoprofen sodium
for patients with reduced renal function.
There were three cases involving intravenous drug

compatibility, for the drugs heparin and fat emulsion,
iron oxide and normal saline, and VCM and micafungin;
the savings were $1960.
Regarding drug therapy consultation or recommenda-

tions, there were 50 cases of discontinuing unnecessary
drugs, 36 for the prevention of ADRs (except cancer
chemotherapy), and 12 for sleep control, with savings of
$112,000. A further eight interventions were recorded
for pain control, 15 for bowel motion control, and 18 for
the correction of prescription errors. There were seven
cases of contraindication, three for avoiding inefficient
drug therapy, and 34 for other interventions according
to the patient’s condition (Fig. 2). Active pharmaceutical
interventions depended on the state of the patient; for
example, pain control and bowel motion control were
commonly implemented interventions.
In all, 463 interventions concerned additional drugs.

In 122 (26.3 %) cases, the dosage was decreased; there
were 82 cases (17.7 %) of drug discontinuation and 78

Table 1 Classification of pharmaceutical interventions and cost savings
Intervention type Cost savings

1. Avoidance of serious ADRs Benefits paid by PMDA to sufferers of ADRs in 2013: USD $20,583,890
Number of incidents: 959

Average amount: $21,464
i.e., $21,400/case

2. Transvenous antimicrobial therapy interventions $272.37/patient/day × 7 daysa = $1906.59/patient, i.e., $1900/patient

3. Switch from intravenous to oral administration Difference in cost between intravenous and oral administration per day × days of
oral administration

4. Interventions concerning cancer chemotherapy
5. Avoidance of drug interactions
6. Renal dosing recommendations
7. Intravenous drug compatibility
8. Confirmation of medication history (presurgical cessation of
antiplatelet drugs)

9. Drug therapy consultation or recommendations

Likelihood that a general intervention leads to preventing an ADR ranges from
2.6 to 5.21 %
Most risky drug therapy: cancer chemotherapy
$21,464 × 5.21 % = $1118.27, i.e., $1120/case
Intermediate risky drug therapy: high-risk drugs defined by JSHP
$21,464 × 3.91 % = $839.24, i.e., $840/case
Normal drug therapy: others
$21,464 × 2.60 % = $558.06, i.e., $560/case

10. Monitoring recommendations
11. Ward rounds, multidisciplinary teamwork
12. Drug information
13. ADRs reported to PMDA

These types are not directly reflected in the cost estimation, i.e., $0

aThe average number of days that anti-MRSA drugs were used at the study hospital
Multiple interventions for a single patient were counted as one intervention
ADR serious adverse drug reaction, PMDA Pharmaceuticals and Medical Devices Agency, JSHP Japanese Society of Hospital Pharmacists

Yasunaga et al. Journal of Pharmaceutical Policy and Practice  (2017) 10:2 Page 3 of 7
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Table 2 Estimation of annual economic impact
Intervention type Number Cost savings assigned

per case (USD)
Total
(USD)

Intervention class

1 Avoidance of serious ADRs 12 21,400 256,800 Quality/safety
improved

2 Transvenous antimicrobial therapy interventions 172 1900 325,080 Pharmacotherapy
improved

3 Switch from intravenous to oral administration Voriconazole 55 165.1 9078 Cost saving

Linezolid 32 96.9 3099

4 Interventions concerning cancer chemotherapy 82 1120 91,840 Pharmacotherapy
improved

5 Avoidance of drug interactions High risk 2 840 1680 Pharmacotherapy
improved

Normal 56 560 31,360

6 Renal dosing recommendations High risk 7 840 5880 Pharmacotherapy
improved

Normal 43 560 24,080

7 Intravenous drug compatibility High risk 1 840 840 Pharmacotherapy
improved

Normal 2 560 1120

8 Confirmation of medication history (presurgical cessation of
antiplatelet drugs)

High risk 13 840 10,920 Quality/safety
improved

Normal 4 560 2240

9 Drug therapy consultation or recommendations High risk 34 840 285,60 Pharmacotherapy
improved

Normal 149 560 834,40

10 Monitoring recommendations 19 0 0 Pharmacotherapy
improved

11 Ward rounds, multidisciplinary teamwork ICT 28 0 0 Quality/safety
improved

NST 45 0 0

PCT 52 0 0

12 Drug information 640 0 0 Provider education

13 ADRs reported to PMDA 4 0 0 Quality/safety
improved

Total 1452 - 876,017

ADRs serious adverse drug reactions, ICT infection control team, NST nutrition support team, PCT pain control team, PMDA Pharmaceutical and Medical
Devices Agency

Table 3 Avoidance of serious adverse drug reactions
No. Case Pharmaceutical intervention

1 Renal function worsening due to a combination of fibrates and statins Discontinue fibrates

2 Lithium intoxication and acute renal failure in patients orally administered
lithium carbonate

Measure blood lithium concentration and discontinue lithium
carbonate

3 Liver dysfunction because of phenytoin Change to other anti-epileptic drugs

4 Hypoglycemia with oral diabetes drugs Reduce dose of oral diabetes drugs

5 Pancytopenia after an increase in carbamazepine dosage Discontinue carbamazepine

6 Bevacizumab administered to a patient with planned tooth extraction Change to chemotherapy without bevacizumab

7 Start of chemotherapy for grade 4 neutropenic patients Postpone chemotherapy

8 No blood test after chemotherapy (grade 4 neutropenia) Recommend blood test

9 Onset of grade 2 peripheral neuropathy after chemotherapy Begin adjuvant analgesics

10 Anaphylaxis by premedication at start of chemotherapy Change premedication

11 Start of chemotherapy for patients untreated for HBV-DNA-positive conversion Postpone chemotherapy and begin oral administration of
entecavir

12 Start of chemotherapy for patients untreated for HBV-DNA detection Begin oral administration of entecavir

HBV Hepatitis B virus
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Table 2 Estimation of annual economic impact
Intervention type Number Cost savings assigned

per case (USD)
Total
(USD)

Intervention class

1 Avoidance of serious ADRs 12 21,400 256,800 Quality/safety
improved

2 Transvenous antimicrobial therapy interventions 172 1900 325,080 Pharmacotherapy
improved

3 Switch from intravenous to oral administration Voriconazole 55 165.1 9078 Cost saving

Linezolid 32 96.9 3099

4 Interventions concerning cancer chemotherapy 82 1120 91,840 Pharmacotherapy
improved

5 Avoidance of drug interactions High risk 2 840 1680 Pharmacotherapy
improved

Normal 56 560 31,360

6 Renal dosing recommendations High risk 7 840 5880 Pharmacotherapy
improved

Normal 43 560 24,080

7 Intravenous drug compatibility High risk 1 840 840 Pharmacotherapy
improved

Normal 2 560 1120

8 Confirmation of medication history (presurgical cessation of
antiplatelet drugs)

High risk 13 840 10,920 Quality/safety
improved

Normal 4 560 2240

9 Drug therapy consultation or recommendations High risk 34 840 285,60 Pharmacotherapy
improved

Normal 149 560 834,40

10 Monitoring recommendations 19 0 0 Pharmacotherapy
improved

11 Ward rounds, multidisciplinary teamwork ICT 28 0 0 Quality/safety
improved

NST 45 0 0

PCT 52 0 0

12 Drug information 640 0 0 Provider education

13 ADRs reported to PMDA 4 0 0 Quality/safety
improved

Total 1452 - 876,017

ADRs serious adverse drug reactions, ICT infection control team, NST nutrition support team, PCT pain control team, PMDA Pharmaceutical and Medical
Devices Agency

Table 3 Avoidance of serious adverse drug reactions
No. Case Pharmaceutical intervention

1 Renal function worsening due to a combination of fibrates and statins Discontinue fibrates

2 Lithium intoxication and acute renal failure in patients orally administered
lithium carbonate

Measure blood lithium concentration and discontinue lithium
carbonate

3 Liver dysfunction because of phenytoin Change to other anti-epileptic drugs

4 Hypoglycemia with oral diabetes drugs Reduce dose of oral diabetes drugs

5 Pancytopenia after an increase in carbamazepine dosage Discontinue carbamazepine

6 Bevacizumab administered to a patient with planned tooth extraction Change to chemotherapy without bevacizumab

7 Start of chemotherapy for grade 4 neutropenic patients Postpone chemotherapy

8 No blood test after chemotherapy (grade 4 neutropenia) Recommend blood test

9 Onset of grade 2 peripheral neuropathy after chemotherapy Begin adjuvant analgesics

10 Anaphylaxis by premedication at start of chemotherapy Change premedication

11 Start of chemotherapy for patients untreated for HBV-DNA-positive conversion Postpone chemotherapy and begin oral administration of
entecavir

12 Start of chemotherapy for patients untreated for HBV-DNA detection Begin oral administration of entecavir

HBV Hepatitis B virus
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cases (16.8 %) of the drugs’ being changed; 57 (12.3 %)
cases represented a change in the dose regimen and 50
cases (10.8 %) other interventions (Fig. 3). All the
interventions regarding monitoring recommendations
included the recommendation for hepatitis B screening.

Discussion
One study has reported that pharmaceutical inquiries
regarding prescriptions by community pharmacists were
effective from a medical economic perspective, repre-
senting savings of $11,888 [13]. In the present investiga-
tion, we conducted an economic evaluation of the effect
of individual pharmaceutical interventions by clinical
pharmacists. It is generally considered necessary to

calculate costs induced by the adverse effects of drugs.
However, it is very difficult to determine such costs, due
to the great variety of drugs and their adverse effects. In
this study, the individual outcomes in the absence of in-
terventions were unknown. Therefore, we could not as-
sess the expected economic contribution when an ADRs
occurred because medical expenses vary greatly.
The damage relief system for ADRs offered by Japan’s

PMDA involves compensation contingent on appropri-
ate use of the pharmaceuticals. We calculated the
average compensation paid to a patient in Japan after a
serious adverse effect at $21,400, which is $6000 higher
than the figure reported by Hamblin et al. [10] One rea-
son for the high cost of PMDA compensation is that it
includes a patient benefit (The PMDA is an incorporated
administrative agency under the Ministry of Health,
Labour and Welfare, and we therefore considered it
appropriate to include that benefit when calculating the
economic contributions).
Our analysis of 1452 pharmaceutical interventions

indicated that serious ADRs were avoided in 12 cases.
This underlines the importance of the pharmacist in
ward drug duties to ensure the safe management of
patient medical treatment. In transvenous antimicrobial
therapy interventions, most cases involved VCM, TEIC,
and ABK. Approximately 70 % of interventions con-
cerned VCM cases. VCM is recommended as a first-line
drug in MRSA infectious disease treatment guidelines in
Japan. Switch therapy constitutes a change in adminis-
tration of antimicrobial drugs from an intravenous drip
to oral medication. It has been shown that switch ther-
apy can reduce both medical expenses and length of
hospital stay if introduced at an early stage of treatment
[14]. From a cost perspective and because of their high
bioavailability, we considered VRCZ and LZD to be
suitable for switch therapy. With switch therapy, we esti-
mated the cost savings at approximately $12,000 due to
cost differences in the drugs.
The most common intervention for cancer chemother-

apy involved recommendations for supportive therapy.
Therefore, we believe that pharmacists can prevent or

Fig. 1 Interventions for cancer chemotherapy

Table 4 Avoidance of drug interactions
Contraindication for coadministration Number

Azathioprine Febuxostat 1

Atorvastatin Bezafibrate 1

Ferrous citrate Albumin tannate 1

Combination of issues Number

Magnesium oxide Cefdinir 13

Magnesium oxide Oral new quinolone 13

Oral iron supplement Cefdinir 9

Oral iron supplement Levofloxacin 6

Oral iron supplement Magnesium oxide 5

Antimicrobial Lactomin 3

Pentazocine Morphine 1

Famotidine Itraconazole 1

Tacrolimus Clarithromycin 1

Polystyrene sulfonate calcium Magnesium oxide 1

Cefdinir Sucralfate 1

SM powder Levofloxacin 1

Total 58

SM Sankyo Magen Mittel
Oral iron supplement: ferrous citrate, ferrous fumarate, soluble
ferric pyrophosphate
Antimicrobial: ampicillin/sulbactam, levofloxacin, erythromycin
Oral new quinolone: levofloxacin, minomycin, ciprofloxacin
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